To evaluate the mammographic features of breast cancer that favor lesion detection with single reading and computer-aided detection (CAD) or with double reading.
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James et al CAD were performed. The randomization ratio was 1:1:28, respectively. Mammograms were acquired with analog (nondigital) systems and screenfi lm mammography. All equipment met the quality assurance standards of the NHSBSP. The mammograms acquired in the women in this trial were digitized and analyzed with an ImageChecker DMax computer-aided detection system (version 8.1; Hologic/R2 Technology, Bedford, Mass). The software detection algorithm was set to operate at a detection sensitivity of approximately 88% for masses and 95% for calcifi cations, with corresponding false marker rates of 1.5 and 1.0, respectively, as was typical for four-fi lm mammography.
The readers in the CADET II study were 17 radiologists (including J.J.J., M.G.W., and C.R.M.B.), two breast cancer clinicians, and eight technologists who were trained to read fi lm images (radiographers). All readers met the NHSBSP standard of reading at least 5000 screening mammograms per year. Readers who performed single reading with CAD had a median of 6 years of screening mammography experience (range, 3-22 years; interquartile range, 4-14 years). In the double reading group, the fi rst readers who performed double reading also had a median of 6 years of experience (range, , 1 year to 22 years; interquartile range, 4-14 year), whereas the second readers had to the level achieved with double reading (3) (4) (5) (6) (7) .
To obtain robust evidence for the use of CAD in this way, the NHSBSP set up a multicenter prospective randomized controlled trial in which single reading with CAD was compared with double reading. In the recent Computer Aided Detection Evaluation Trial II (CADET II), researchers found that the two reading regimens had equivalent cancer detection rates ( 3 ) . The vast majority of cancers detected in the study were picked up by the reader using CAD and by the double readers; however, some cancers were detected with one reading regimen and missed with the other. The relative accuracy of the two modes of detection has been described previously ( 3 ) . The aim of this study was to evaluate the mammographic features of breast cancer that favor lesion detection with single reading and CAD or with double reading.
Materials and Methods
The CADET II study was a prospective randomized trial in which single reading with CAD was compared with double reading as part of the NHSBSP. The study was approved by the South East Multi-Centre Research Ethics Committee, and written informed consent was obtained from all participants.
A total of 31 057 women were recruited between September 2006 and August 2007 at three screening centers (Nottingham, England; Coventry, England; and Manchester, England). The women were randomly allocated to have their mammograms read in one of three ways: In the fi rst group, only double reading was performed (standard NHSBSP practice). In the second, only single reading with CAD was performed. In the third, both double reading and single reading with C omputer-aided detection (CAD) is used to aid in the interpretation of screening mammograms. The CAD system places prompts on the image to draw the attention of the reader to potential areas of concern, with the aim being to reduce observational oversights. In many countries, single reading of screening mammograms is normal, and CAD has been widely adopted. In the United States, it is estimated that 25%-30% of all mammographic interpretations involve the use of CAD ( 1 ) . The ability of CAD to improve cancer detection rates remains controversial ( 2 ) .
In the National Health Service Breast Screening Programme (NHSBSP) in the United Kingdom, double reading of screening mammograms is standard practice. Double reading has been shown to increase cancer detection rates by 4%-14% ( 3 ). This method of reading is more expensive than single reading and may be diffi cult to achieve on the grounds of cost and manpower limitations. Consequently, there has been interest in comparing single reading with CAD with double reading to see if the use of CAD can bring the results achieved with single reading up
Implication for Patient Care
Readers using either single readn ing with CAD or double reading need to be aware of the strengths and weaknesses of each reading regimen to avoid missing the more challenging cancer cases.
Advances in Knowledge
The ability of single reading with n computer-aided detection (CAD) and that of double reading to enable readers to correctly recall patients with breast cancer varies signifi cantly according to the mammographic appearance.
There is a greater propensity for n double reading to recall cancers appearing as parenchymal deformities and for single reading with CAD to recall cancers appearing as asymmetric densities.
Cancers detected by means of n double reading but missed by a single reader using CAD are more likely to occur in women with a denser mammographic background pattern.
Lesion size has no effect on n cancer detection with either reading regimen.
BREAST IMAGING: Mammographic Features of Breast Cancers James et al double reading in the detection of spiculated masses, but overall there was no signifi cant difference in the ability of either reading regimen to detect different mass types ( P = .20). CAD was signifi cantly better at correctly marking microcalcifi cations than at correctly marking any other mammographic feature ( P = .007) ( Fig 3 , Table 3 ). In cases in which CAD marking data were available, CAD correctly marked all (100%) cases in which the predominant mammographic feature was microcalcifi cations and 87% of cases in which the predominant mammographic feature was a mass lesion. The ability of CAD to correctly mark masses and microcalcifications was signifi cantly better than that of CAD to correctly mark parenchymal deformities ( P , .001). CAD correctly marked only 50% of the cancers that manifested as parenchymal deformities. The performance of CAD in correctly marking cancers that manifested as illdefi ned masses was not as good as its performance in correctly marking cancers that manifested as spiculated masses ( Table 4 ) , with 93% of spiculated masses and only 80% of ill-defi ned masses being correctly marked ( P = .054).
There was a signifi cant tendency for cancers to be detected with double reading but missed with single reading with CAD in women with a denser background parenchymal pattern ( P = .02 ) ( Table 5 ). Neither the size of the mammographic abnormality ( P = .32) ( Table 6 ) nor the number of fl ecks of microcalcification present ( P = .2) ( Table 7 ) read. The overall cancer detection rate was 8.0 per 1000 women screened. The cancer detection rates for single reading with CAD and double reading were equivalent. (Detection rates were 7.02 per 1000 women screened and 7.06 per 1000 women screened, respectively). Table 1 shows the predominant mammographic features of all the cancer cases and the recall decision for each read ing regimen. A total of 170 cases were recalled with both reading regimens, yielding a concordance rate of 74.9 %. Masses were by far the most common lesion type (66 %) and dominated the group correctly recalled with both single reading with CAD and double reading. The ability of readers to correctly recall cancers on the basis of mammographic appearance varied signifi cantly between reading regimens ( P , .001). This was chiefl y evidenced by a greater propensity for cancers appearing as parenchymal deformities to be recalled with double reading ( Fig 1 ) and for cancers appearing as asymmetric densities to be recalled with single reading with CAD ( Fig 2 ) ; however, it was not evidenced by a difference in the ability of readers using either reading regimen to correctly recall patients whose cancer manifested as masses or microcalcifi cations. It should be noted that the number of patients with asymmetric densities was small. Table 2 shows the characteristics of cancer cases that manifested as mass lesions and the recall decision of each reading regimen. Single reading with CAD performed slightly better than slightly less experience (median, 5 years; range, , 1 year to 22 years; interquartile range, 2-10 years). Less experienced readers were paired with more experienced readers for double reading. All the fi lm images were independently double read or single read with CAD by different readers who were blinded to the recall decision made with the other reading regimen.
The primary outcome measures of the CADET II study were cancer detection rates and recall rates in the women whose fi lm images were single read with CAD and double read. The details of the trial protocol and the results of this primary analysis have been published elsewhere ( 3 ) .
Cancers were identifi ed in the women whose mammograms were single read with CAD and double read. The original screening mammograms were obtained and retrospectively reviewed by two of three breast radiologists (J.J.J., F.J.G., M.G.W.; 9-18 years of experience reading screening mammograms in the NHS-BSP) in consensus. Patients with cancer in the other two arms of the CADET II study in which only double reading or only single reading with CAD was performed were not included. The size, predominant radiographic feature, and reading method used to detect the cancer were recorded. Breast density was determined by using a visual analog scale ( 8 ) . The CAD prompt data were also reviewed, and a note was made as to whether the cancer had been correctly prompted with the appropriate CAD mark placed over the lesion.
We used x 2 tests (global and trend tests) for statistical analysis, except when a small sample size indicated that these tests might be unstable, in which case nonparametric bootstrap x 2 tests with 5000 replications were performed ( 9 ) . When individual features were interpreted as signifi cant ( P , .05), it was based on decomposition of the global x 2 test statistic. Cases with missing data were excluded from statistical analysis.
Results
A total of 227 cancers were detected in 28 204 women whose mammograms were single read with CAD and double BREAST IMAGING: Mammographic Features of Breast Cancers James et al studies that look at the radiographic features of interval and missed cancers in all age groups ( 14-19 ). An investigation of breast cancers diagnosed after arbitration of discordant double reading opinions also highlighted the diffi culties readers have in identifying this abnormality ( 20 ) . Despite these diffi culties, double reading seems to offer the best prospect for detecting parenchymal deformities. Lesion size had no effect on the performance of either reading regimen. Neither the size of a mass lesion nor the dimensions or number of fl ecks in a microcalcifi cation cluster affected performance. The fact that lesion size has no effect on CAD performance has been described ( 21 ) . In contrast, breast density does have some bearing on cancer detection, with a signifi cant trend for double reading to perform better than single reading with CAD in women with denser background patterns. Whether the performance of CAD is affected by breast density is a controversial topic. Some studies have shown that the ability of CAD to correctly mark breast densities, but it should be noted that the number of asymmetric densities was small and accounted for only 3% of the cancer cases. The poorer performance of CAD in the detection of architectural distortions has been reported (10) (11) (12) . In one study, two different CAD systems detected less than half the cases of architectural distortion ( 10 ) .
The performance of a single reader using CAD seems to be associated with the ability of CAD to correctly prompt the mammographic feature. In this study, CAD correctly prompted only 50% of the parenchymal deformities, whereas it correctly prompted 100% of cancers that manifested as microcalcifi cations and 87% of cancers that manifested as mass lesions. Parenchymal deformity is the third most common manifestation of malignancy on mammograms, and it is one of the most challenging radiographic features for the reader to detect ( 13 ). Even in the double reading setting, cancers that manifest as parenchymal deformities are frequently overlooked by readers and feature prominently in had any effect on lesion detection with single reading with CAD or double reading.
Discussion
The CADET II study showed that the cancer detection rates attained with single reading with CAD were equivalent to those attained with double reading. There were some cancers that were missed with one reading regimen but detected with the other. The results of this study suggest that there are radiologic features that favor detection with one reading regimen over the other.
Double reading and single reading with CAD performed equally well at recalling patients with cancer in whom the predominant radiologic feature was either a mass or a microcalcifi cation. Double reading showed superior performance in the detection of cancers that manifested as parenchymal deformities. Single reading with CAD was better than double reading in the detection of cancers that manifested as asymmetric A magnifi ed view of the parenchymal deformity is also shown. The case was recalled by the double readers but not by the single reader using CAD. The parenchymal deformity was not marked by CAD. Ultrasonography (US) revealed a 5-mm area of acoustic shadowing, and core biopsy was performed. Final pathologic analysis revealed a 10-mm ductal carcinoma, with a histologic grade of 1 and no involved lymph nodes.
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James et al the researchers assume that if a lesion is prompted, it will be recalled. Clearly, this is not the case. This prospective study, like others before it, has shown that correctly placed prompts are sometimes dismissed by the reader, and the patient is not recalled ( 4, 27, 28 It is probably not surprising that the performance of CAD in the detection of parenchymal deformities is inferior compared with the performance of CAD in the detection of microcalcifi cations and mass lesions. The CAD algorithms that generate the prompt data are heavily reliant on the presence of a central density for correct prompting. Parenchymal deformities by their nature lack a central mass, and unless the radiating lines are pronounced, they are unlikely to be prompted ( 10 ) . This is to prevent too many false prompts from crossing the Cooper ligaments or overlapping normal tissue. It may be that further algorithm development is required to aid in the detection of parenchymal deformities, particularly in patients with denser background patterns.
The high sensitivity of CAD to correctly mark microcalcifi cations is not in doubt. We found that 100% of microcalcifi cations and only 87% of mass lesions were marked correctly. These fi ndings are consistent with the fi ndings of other studies ( 12,21,25,26 ). There was no signifi cant difference in performance 
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Overall, there was no difference between reading regimens in the ability of readers to correctly recall cancers manifesting as mass lesions. If different types of mass lesions are specifi cally looked at, single reading with CAD may be more inclined than double reading to detect spiculated mass lesions; however, this difference was not signifi cant. This is explained by the improved ability of CAD to correctly mark spiculated masses compared with ill-defi ned masses. In this study, spiculated mass lesions were the most common mass subtype, accounting for 53% of the cancer mass lesions. Overall, CAD correctly prompted 87% of mass lesions; however, cancers that manifested as spiculated masses were marked correctly in 93% of cases, whereas only 80% of cancers that manifested as ill-defi ned masses were marked correctly. CAD algorithms are specifi cally designed to prompt this frequently occurring mass lesion with a high degree of accuracy because of its high positive predictive value for malignancy. The algorithm recognizes a combination of a central density and Note.-Data are numbers of cases, and data in parentheses are percentages.
another challenging radiologic feature that is frequently misinterpreted and is a common cause of interval cancers ( 18, 19 ) . Asymmetries can also be a challenge to CAD algorithms, requiring the computer to potentially learn about both normal and abnormal relationships between left and right breast images ( 27 ) . CAD performed well in this study, correctly marking 80% of the asymmetric density cases; however, the number of cases was small. Others have reported poorer performance of CAD in marking this type of lesion, with only 37% of asymmetric densities correctly marked ( 12 ) . In our study, the failure of readers to detect a malignant asymmetry probably has more to do with an error of interpretation rather than an error of search and detection. The success of single reading with CAD for asymmetries may be due to the reader re-examining a prompted area more carefully after having previously dismissed it. Several limitations need to be considered. In the CADET II study, researchers used analog mammography systems to acquire the images. The fi lm mammograms where then processed through the digitizer of the CAD system. Digital mammography is becoming increasingly widely used for screening mammography. Further research would be needed to confi rm that the results were applicable to an all-digital environment. The readers in the CADET II study included a mixture of radiologists, breast cancer clinicians, and technologists who were trained to read fi lm images (radiographers), who performed both double reading and single reading with CAD. This refl ects practice in the United Kingdon screening program, but it is different from the situation in many other countries, including the United States, where radiologist interpretation is the standard. There were newly qualifi ed readers ( . 1 year of reading experience) in the double reading arm of the CADET II study. However, it is unlikely that this affected the performance of double reading, as inexperienced readers were paired with readers with more experience. The experience of the readers who performed single reading with CAD was comparable to that of the readers who than with double reading. However, it should be noted that the number of asymmetric densities was small and accounted for only six (3%) of the cancer cases. Asymmetries represent radiating lines as a highly specifi c predicator of malignancy.
Cancers that manifested as asymmetric densities were more likely to be detected with single reading with CAD performed the fi rst of two reads in the double reading arm of the study. All the readers who participated in CADET II were high-volume readers who fulfi lled the NHSBSP standard of reading 5000 screen fi lms per year. In addition, studies have shown that radiologists and appropriately trained radiographers have similar sensitivity in the detection of cancers on screening mammograms ( 29 ). The CADET II study has shown that cancer detection with single reading and CAD is equivalent to that with double reading. The detection of cancers where the predominant mammographic feature was a mass or calcifi cation was equivalent, but some radiologic features were better detected with one reading regimen over the other. Double reading performed better in the detection of cancers that manifested as distortions and in women with a denser background pattern. Single reading with CAD performed better in the detection of cancers in which asymmetric density was the mammographic feature. Readers using either single reading with CAD or double reading need to be aware of the strengths and weakness of each regimen, and they need to increase their vigilance to avoid missing these more challenging cancer cases.
